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Introduction

Aims To determine whether repeated once daily administration of grapefruit juice
altered the pharmacokinetics or pharmacodynamics of the calcium antagonist
amlodipine.

Methods The effects of grapefruit juice on the pharmacokinetics and pharmaco-
dynamics of oral and intravenous amlodipine were assessed in 20 healthy men in a
placebo-controlled, open, randomized, four-way crossover study using single doses of’
amlodipine 10 mg. For 9 days beginning with the day of administration of amlodipine,
grapefruit juice (or water control) was given once daily, and blood samples, blood
pressure and heart rate measures were obtained. Plasma concentrations of amlodipine
and its enantiomers were determined in separate assays by GC-ECD.

Results Oral amlodipine had high systemic availability (grapefruit juice: 88%; water:
81%). Pharmacokinetic parameters of racemic amlodipine (AUC, C .y, fmax, and k)
were not markedly changed with grapefruit juice coadministration. Total plasma
clearance and volume of distribution, calculated after intravenous amlodipine, were
essentially unchanged by grapefruit juice (CL 6.65 ml min~' kg™ ', juice wvs
6.93 ml min ! kg71, water; Vd, 22.71 kgfl, juice wvs 21.01 kg71, water).
Grapefruit juice coadministration did not greatly alter the stereoselectivity in
amlodipine oral or intravenous kinetics. The sum of S(-) and R(+) enantiomer
concentrations correlated well with total racemic amlodipine concentration
(=0.957; P=0.0001). Coadministration of grapefruit juice with either route of
amlodipine administration did not significantly alter blood pressure changes vs control.
Conclusions Grapefruit juice has no appreciable effect on amlodipine pharmacody-
namics or pharmacokinetics, including its stereoselective kinetics. Bioavailability
enhancement by grapefruit juice, noted with other dihydropyridine calcium
antagonists, does not occur with amlodipine. Once daily grapefruit juice adminis-
tration with usual oral doses of amlodipine is unlikely to alter the profile of response in
clinical practice.
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dihydropyridine calcium channel antagonists. Of the
dihydropyridine calcium channel antagonists evaluated

Grapefruit juice is known to interact with drugs in many  to date for enhanced oral bioavailability by grapefruit

different therapeutic classes

[1-4], including certain  juice, nisoldipine and felodipine are affected to the greatest

extent, with mean increases in AUC of 2-and 3-fold,
respectively [1, 2, 5].
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Amlodipine, prescribed in the management of angina
and hypertension, has a pharmacokinetic profile that
differs from other dihydropyridines [6, 7]. Specifically,
amlodipine has a lower hepatic extraction ratio, hence its
higher oral bioavailability. With its high tissue attinity, oral
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amlodipine is taken up by hepatic tissue and then
redistributed back into the systemic circulation [8, 9].
These properties result in a later time to peak plasma
concentration and a longer plasma elimination half-life
compared with other dihydropyridines. It undergoes
extensive oxidative metabolism to pyridine derivatives
[10-12].

The purpose of this study was to evaluate the potential
interaction of grapefruit juice with amlodipine by studying
pharmacokinetics and pharmacodynamics after both oral
and intravenous administration. Since most dihydropyr-
idines, including amlodipine, contain one or more chiral
centres and may display different pharmacologic activity
among the enantiomers [13], the sterecoselective disposi-
tion of amlodipine when coadministered with grapefruit
juice was also investigated.

Methods
Study population

Twenty males (mean age, 31.5 years; range, 20—45 years),
2 White and 18 Hispanic, participated in the study. Body
weight was within 10% of ideal (mean, 70 kg; range,
62-85 kg). Each subject was judged to be healthy from the
results of a detailed medical history, physical examination,
12-lead resting ECG, serum biochemistry, haematology
and routine urinalysis. Each individual provided written
informed consent for the study, that was approved by the
committee on human research, the Independent Investi-
gational Review Board Inc. Plantation, Florida.

Experimental protocol

The design was a placebo (water)-controlled, open,
randomized, 4-way crossover study. Subjects received
on separate occasions single doses of either racemic
amlodipine besylate 10 mg immediate release tablet, or
intravenous amlodipine maleate; amlodipine was given
with and without grapefruit juice. The oral formulation,
Norvasc® (Pfizer, Inc., Groton CT), was supplied by
Pfizer. The same brand (Old South; Lykes Pasco, Dade
City FL) and lot number of frozen concentrate white
grapefruit juice was used throughout the study.

Each subject was to receive all four treatments (A-D),
with at least 2 weeks intervening: A — intravenous
amlodipine and grapefruit juice; B — intravenous amlo-
dipine and water; C — oral amlodipine and water; D — oral
amlodipine and grapefruit juice. Subject assignment to one
of four treatment sequence groups was through computer-
generated randomization.

Subjects fasted for 8 h prior to and 4 h following drug
administration at approximately 08.00 h. The water or
grapefruit juice (240 ml) was taken at the same time as the
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oral medication or just prior to the commencement of the
intravenous amlodipine infusion. On each of the 8 days
following amlodipine administration, 200 ml of grapefruit
juice (treatments A and D) or water (treatments B and C)
were ingested with breakfast.

Blood was collected in heparinized tubes just prior to
oral and intravenous dosing, at the end of the 10 min
infusion, and at the following times after dosing: 0.5, 0.75,
1,1.25,1.5,1.75,2,25, 3,4, 6, 8, 10, 12, 14, 16, 24, 36,
48, 72, 96, 120, 144, 168, 192 and 216 h. Additional
blood samples were collected midway through the
infusion (—5 min), at the completion of the infusion
(0 min), and at 5 and 15 min after the end of the infusion.
During the first 4 h after amlodipine dosing, subjects
refrained from drinking caffeinated beverages and from
lying down, except for vital sign measurements.

Pharmacodynamic measures were supine and standing
blood pressure and heart rate. They were measured in
duplicate just prior to oral dosing or at the end of the
infusion of amlodipine and at 5 min, 0.25, 0.5, 0.75, 1,
1.25,1.5,1.75, 2,25, 3, 4, 5, 6, 7, 8, 10, 12, 14, 16, 24,
36, 48, 72, 96, 120, 144, 168, 192 and 216 h after
amlodipine administration.

Sample analysis

Plasma samples, obtained by centrifugation, were stored at
—20°C until analysis. Unresolved amlodipine and the
enantiomers of amlodipine were determined in separate
assays, both using capillary gas chromatography with
electron capture detection (GC-ECD).

The analysis of unresolved amlodipine in plasma has
[14]. Briefly, amlodipine
samples were prepared as follows. Plasma (1 ml), contain-
ing internal standard UK52829-42 (Pfizer, Groton CT),
was buftered (~pH 9, borate buffer) and then extracted
with methyl t~butyl ether (MTBE). The organic phase was
back-extracted into citric acid. The organic layer was
discarded and the aqueous layer was made alkaline,
derivatized with trimethylacetyl chloride (TMA), and then
underwent a second extraction. The organic solvent was
evaporated and the residue reconstituted with ethyl acetate
for subsequent GC analysis.

For enantiomers, the sample preparation procedure

been described elsewhere

differed primarily in that the second extraction preceded
the derivatization with o-methoxy-a-trifluoromethyl-
phenylacetyl chloride in the presence of dimethylamino-
pyridine. Silylated glassware was used.

Amlodipine and the enantiomers were analysed in
separate assays using a gas chromatograph (Hewlett-
Packard model 5890) equipped with an ®*Ni EC detector
and a DB-5 (] & W Scientific, Folsom CA) capillary
column (13 m x 0.32 mm i.d., 0.25 pm film thickness).

The limits of quantification were 0.2 ngml™' of
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for R(+)-
amlodipine and S(—)-amlodipine. Correlation coefficients
of 0.9980 or better were achieved from the regression
equations of the six or seven concentration point
calibration curves. All amlodipine quality control samples
were within 10% of the nominal concentration. The LOQ
pool of samples for R(+)-amlodipine, analysed in seven
separate runs, displayed a difterence of 7.5% difterence

plasma for amlodipine and 0.5 ng ml™'

from theoretical, while that for S(-)-amlodipine was 8.1%;
all other quality control samples displayed accuracy within
16.6% of theoretical. Intraday and interday coefficients of
variation for amlodipine were 11.6% (at 0.2 ng ml™ ") or
better; precision for the enantiomers ranged from 4.1 to

9.1%.

Data analysis and statistics

Amlodipine pharmacokinetic parameters were determined
as follows. The values of maximum plasma concentration
(Cinay) of amlodipine and its enantiomers and the time of’
first occurrence of C,,. for amlodipine (t,..) were
obtained directly from the observed data. The C,,,, values
were natural log transformed prior to analysis.

The terminal phase elimination rate constant k. was
estimated by least squares regression analysis during the
terminal log-linear phase of the concentration-time curve.
It was used to determine terminal half-life (t, =In 2/k.).
Absolute systemic bioavailability (F) of the oral tablet
formulation was calculated by the ratio of AUC,.,; to
AUC,qavenous: AUC(0,00) was estimated as the sum of
AUC(0,7) and the plasma concentration at time 7
estimated from the aforementioned regression, divided
by k., where 7 is the latest blood sampling time which had
a quantifiable concentration. Total plasma clearance was
estimated as the ratio of the dose and AUC,iavenous-
Finally, 1d, the steady state volume of distribution, was
calculated as the product of dose and AUMC(0,00)/
[AUC(0,00)]? following intravenous dosing, where
AUMC(0,00) was the area under the first moment curve.

For amlodipine R(+4+) and S(-) enantiomers, the
following pharmacokinetic parameters were evaluated:
AUC(0,96 h) and C,,,, following intravenous adminis-
tration of amlodipine, and AUC(0,24 h) after oral dosing.
Following oral amlodipine,
concentration observed at 8 h (Cg) was statistically
evaluated, rather than a C,,,, value for the enantiomers.
For each of these four pharmacokinetic parameters, the
S(=)/R(+) ratios were calculated as indices of stereo-
selectivity in amlodipine pharmacokinetics.

For haemodynamic measures, area under the effect-
time curves [AUEC(0,24 h)] were calculated for indivi-
dual subjects using the linear trapezoidal method.

the enantiomer plasma

Maximum changes in systolic blood pressure, diastolic
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Amlodipine and grapefruit juice

blood pressure, and heart rate were also tabulated for
individual subject.

These areas and maximum AUEC(0,24 h) values, as
well as that for the pharmacokinetic parameters of
AUC(0,00), Cuax and kg, were statistically evaluated
using an analysis of variance (ANova) model in SAS. The
aNovA  model subject
and treatment X period

contained sequence, within
sequence, period,

effect. Adjusted mean differences between treatment

treatment,

effects were determined, as well as the sequence effect
and the period and treatment eftects. The pharmacokinetic
parameters of F, t,.(oral), CL, and "dy only involved
two treatments; consequently, the ANova model for their
analysis did not include sequence or period eftects. All
testing was conducted at a 5% level of significance.

Results
Pharmacokinetics of racemic amlodipine

Grapefruit juice did not significantly alter the systemic
availability of amlodipine (Table 1). The mean systemic
availability of oral amlodipine was 81% with water
(control) and 88% with juice. The ratio of juice/water
point estimate and 95% confidence interval was 107.8%
(95% CI: 98.4, 118.4), which was not statistically
significant.

Mean amlodipine pharmacokinetic parameters of AUC,
Ciaxs tmaxs and ke during grapefruit juice compared with
water are summarized in Table 1. For both routes of
administration, except for k. in the intravenous study,
these parameters were not significantly changed with
grapefruit juice coadministration. As shown in Figure 1a
for Cp.x, and Figure 1b for AUC(0,00), paired treatment
data for the individual subjects were distributed approxi-
mately equally about the line of identity. The AUC(0,00)
ratio of grapefruit juice to water for oral amlodipine was
107.8% (95%CI: 99.7-116.5); the C,,,, ratio was 107.1%
(95% CI: 91.7-125). The confidence intervals for
AUC(0,00) and C,,,, for oral, and intravenous amlodipine
did not achieve significance (Table 1). The mean f,,
value following oral administration with juice (7.6 h) was
similar to that with water (7.9 h).

The values of total plasma clearance and volume of
distribution, calculated for intravenous amlodipine, were
essentially unchanged by grapefruit juice (Table 1). Mean
total clearance was 6.65 ml min~' kg~ ' with grapefruit
juice and 6.93 ml min~' kg~ with placebo. Mean Vd
was 22.7 1 kg™ ' with grapefruit juice and 21.0 1kg ™"
with placebo.

Plasma elimination half-life was calculated from k after
both routes of administration. After all four treatments,
mean k. values ranged from 0.0161 h™'—0.018 1,
corresponding to half-lives of 43.1 h to 38.3 h. For the
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Table 1 Effect of grapefruit juice coadministration on the pharmacokinetics of amlodipine.

Pharmacokinetic variable for amlodipine Amlodipine + grapefruit juice

Ratio juice/water

Amlodipine + water (control) Point estimate (%) and 95% CI

Oral amlodipine

Conax (ng ml ™) 62+1.1
AUC(0,00) (ng ml~" h) 315476
fmax (h after dose) 7.6+1.4

ke (1) 0.0166 +0.0034
F 0.88+0.15
Intravenous amlodipine

Cinax (ng ml™1h 30.1+12.1
AUC(0,00) (ng ml~" h) 374488

ke (h ™) 0.016140.0029
CL (ml min~" kg™ ") 6.65+1.99
Vd, (kg™ 22.7+5.1

58+1.1 107.1 (91.7, 125.0)
293458 107.8 (99.7, 116.5)
79417 0.2 (—0.9, 0.5)
0.0177 +0.0034 —0.0010 (—0.0026, 0.0007)
0.8140.14 107.9 (98.4, 118.4)
34.8+13.7 85.9 (73.6, 100.3)
358 +88 102.5 (94.8, 110.9)
0.0181 40.0041 —0.0022 (—0.0039, —0.0005)*
6.93+1.72 —0.2(—1.1, 0.8)
21.043.8 1.9 (—0.7, 4.5)

Mean + s.d. values. Point estimates (and 95% CI) are either the ratio of the adjusted geometric means of treatments (C,,,x, AUC), arithmetic means
(F), or the difference in the adjusted arithmetic means of treatment (all other kinetic variables). *P<0.05.

intravenous route, the k. value was slightly smaller for
amlodipine with grapefruit juice compared with water;
this difference was statistically significant. For the oral
route, k. after grapefruit juice was not significantly
different than after water.

Sequence effects, period effects, and treatment by
period effects were not significant for C,,, and kg;
AUC(0,00) showed no significant sequence effects but
statistically significant period and treatment by period
effects (P=0.0104 and P=0.0053, respectively). Taken
alone, this significant period effect does not alter
conclusions regarding treatment comparisons since periods
and treatments can be estimated independently in this
design.

Pharmacokinetics of amlodipine enantiomers

The analyses for AUC and peak plasma concentration of
amlodipine enantiomers were performed on the subset of
subjects with complete data for each route of administra-
tion. The numbers of subjects used in the pharmacokinetic
parameter summary statistics are listed, along with the
corresponding mean + s.d. values, in Table 2.

Figure 2 shows the plasma enantiomer concentration vs
time curves following oral dosing. The sum of concentra-
tions of the two individual enantiomers correlated well
with the concentration of total racemic amlodipine
(#=0.957; P=0.0001).

Overall, grapefruit juice coadministration did not
greatly alter the stereoselectivity in amlodipine kinetics.
As is suggested by the plasma concentrations in Figure 2
for oral amlodipine, the mean AUC(0,24 h) for the S(-)
and R(+) enantiomers showed no statistically significant
change with concomitant grapefruit juice administration.
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This was supported by similar observations from the S/R
ratios for Cg(oral) and C, . (intravenous), and for oral
AUC(0,24 h) and intravenous AUC(0,96 h) data. Paired
treatment data for the individual subjects were distributed
about equally above and below the line of identity. The
corresponding plots for the individual enantiomers
showed a similar distribution (data not shown).

For oral amlodipine, the mean concentration at 8 h (Cg)
for the S(—) and R(+4) enantiomers showed no statistically
significant change with concomitant grapefruit juice
administration. The S/R ratio of Cg was slightly but
significantly larger (3%) during the juice compared with
the placebo.

For intravenous amlodipine, the mean AUC(0,96 h) for
the S(-) and R(+) enantiomers and the S/R ratio showed
no statistically significant change with concomitant
grapefruit juice administration (Table 2). With grapefruit
juice, the absolute values of C,,,, for both the S(-) and
R(+) enantiomers significantly declined by the same
extent (i.e. 24% and 26%, respectively), generating an S/R
ratio for Cp,,, that was nearly the same after juice and

placebo.

Haemodynamics and adverse effects

Overall, there were no statistically significant treatment
effects on blood pressure for either route of amlodipine
administration. For pulse rate, only one statistically
significant treatment effect was observed, and that was
during intravenous amlodipine.

Grapefruit juice coadministration had no significant
effect after either oral or intravenous amlodipine in either
the maximum change from baseline or the AUEC(0,24 h)
for the following parameters: standing systolic and diastolic

© 2000 Blackwell Science Ltd Br J Clin Pharmacol, 50, 455-463



Amlodipine and grapefruit juice
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Figure 1 continued overleaf.

blood pressure, supine systolic and diastolic blood pressure.
There also were no significant differences between
treatments after either intravenous or oral amlodipine in
the AUEC(0,24 h) for standing and supine pulse rate, and
for maximum change in supine pulse rate. The mean
maximum changes from baseline in blood pressure and
pulse rate, both standing and supine, are listed in
Table 3.

A statistically significant difference between treatments,
during intravenous amlodipine but not oral amlodipine,
was observed for the maximum increase in standing pulse

© 2000 Blackwell Science Ltd Br J Clin Pharmacol, 50, 455463

Placebo

rate, but not the supine pulse rate. The difference in
standing pulse rates between intravenous amlodipine with
grapefruit juice and intravenous amlodipine with water
(adjusted means =+ s.d.) was —5.0+2.4 beats min ™~ ' (95%
CI—9.8, —0.2) (Table 3).

One subject discontinued study participation due to a
mild tension headache following the second treatment
sequence which consisted of oral amlodipine with grape-
fruit juice. Mild tension headache was reported in another
subject during intravenous amlodipine and grapefruit
juice; the subject completed the study.
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Figure 1 a) Relationship between amlodipine C,,,, (ng ml™") following consumption of grapefruit juice and water in 20 healthy males
after oral (upper panel) or intravenous (lower panel) drug administration. b) Relationship between amlodipine AUC(0,00) (ng ml~* h)
following consumption of grapefruit juice and water in 20 healthy males after oral (upper panel) or intravenous (lower panel)

amlodipine.

Discussion

In this study of 20 normal men, we found that amlodipine
pharmacokinetics and pharmacodynamics were virtually
unaffected by grapefruit juice administration. There is no
simple explanation for the significant difference in the
elimination rate constant k), in the intravenous study since
neither total clearance nor the volume of distribution was
altered by grapefruit juice. Unlike felodipine, that interacts
with cimetidine and with grapefruit juice, and nitrendi-
pine, that displays significant changes in its pharmacoki-
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netics with the coadministration of food, cimetidine or
grapefruit juice [15], amlodipine does not appear to
interact with any of the latter [6, 7]. With its lower first
pass metabolism and higher oral bioavailability relative to
other dihydropyridine calcium antagonists such as felodi-
pine and nitrendipine, amlodipine is less subject to such
interactions.

Amlodipine, like other 1,4-dihydropyridine calcium
channel antagonists is a substrate for CYP3A4 [12, 16].
However, unlike the other drugs in its class, grapefruit
juice which inhibits CYP3A4 failed to alter the

© 2000 Blackwell Science Ltd Br J Clin Pharmacol, 50, 455-463



Table 2 Effect of grapefruit juice coadministration on the stereoselective pharmacokinetics of amlodipine.

Amlodipine and grapefruit juice

Pharmacokinetic variable Enantiomer Amlodipine + grapefruit juice

Amlodipine + water (control)

Ratio juice/water

Point estimate (%) and 95% CI

Oral amlodipine
AUC(0,24h) (ng ml ™" h)

(n=10) SE) 449483
R(+) 412+10.6
S/R 1.08
Cs (ng ml™ "
(n=14) SE) 2.740.4
R(+) 25404
S/R 1.06
Intravenous amlodipine
AUC(0,96h) (ng ml~" h)
(n=15) S() 138.9435.3
R(+) 131.44338
S/R 1.06
Conax (ng ml ™)
(n=11) SE) 12.4+3.4
R(+) 13.0+3.6
S/R 0.95

427473 102.9 (96.6, 109.6)
40.947.7 99.2 (93.1, 105.8)
1.04 103.7 (99.2, 108.3)

2.6+0.4 103.7 (96.4, 111.5)
25405 101.1 (94.7, 108.0)
1.03 102.5 (100.2, 104.9)%

137.04+37.6 100.2 (88.2, 113.8)

133.2437.6 98.1 (86.7, 110.9)
1.03 102.2 (95.9, 108.8)
16.746.7 74.4 (57.8, 95.6)*
17.247.0 75.6 (58.8, 97.3)%
0.97 98.3 (94.4, 102.4)

For subjects (1) with complete data for both enantiomers (i.e. after both routes and with both juice and control treatments). S/R ratios are geometric
means; all others are arithmetic means =+ s.d. Cg is plasma concentration at 8 h after oral dosing; *P<0.05.

This
consistent with the known effect of grapefruit juice
CYP3Aand
metabolism  of

pharmacokinetics of amlodipine. would seem

constituents on intestinal the minimal

presystemic amlodipine. Moreover
experimental evidence indicates that the human CYP3A
family comprises a number of closely related genes [16]
and this may contribute to the differential inhibition of this

enzyme system. An alternative mechanism by which

grapefruit juice may alter the metabolism of coadminis-
tered drugs is by inhibiting P-glycoprotein activity
[17-19]. indicates that
amlodipine may not be a substrate for P-glycoprotein

However, available evidence
transport. For example, whereas verapamil, a potent
inhibitor of P-glycoprotein [20, 21] elevates digoxin
concentrations and inhibits digoxin renal elimination [22,
23], coadministrtation of amlodipine is not associated with
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Figure 2 Mean plasma concentrations of R(+4) and S(-)-amlodipine after a 10 mg oral dose to 20 healthy male subjects consuming
either grapefruit juice or water (placebo). —— placebo, R-enantiomer; - - - grapefruit juice, R-enantiomer; . . . . placebo,
S-enantiomer; - - - - - grapefruit juice, S-enantiomer.
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Table 3 Maximum change in blood pressure (mmHg) and pulse rate (beats min™").

Intravenous amlodipine with:

Oral amlodipine with:

Parameter Grapefruit juice Water (control) 95% CI Grapefruit juice Water (control) 95%CI
Supine

Systolic BP (mmHg) —15.9+13.4 —11.8+6.7 —10.4, 2.1 —11.74+8.8 —9.2459 —8.7,3.7
Diastolic BP (mmHg) —10.1£7.3 —115+6.2 —3.1,6.0 —11.5+£5.0 —13247.2 —2.9,6.3
Pulse (beats min ") 9.0+4.2 12.7+£7.0 —7.7,0.4 14.4+£7.8 13.5+6.5 —3.2,49
Standing

Systolic BP (mmHg) —209+11.8 —18.8+8.8 —8.2,3.9 —14.8+94 —11.9+6.1 —8.9,3.1
Diastolic BP (mmHg) —11.74+54 —13.3+6.7 —2.5,5.6 —13.34+6.6 —13.0+5.8 —4.4,3.7
Pulse (beats min~ ") 20.1+8.8 25.1+11.0 —9.8, —0.2% 15.2+6.5 15.8+9.5 —5.4,42

Adjusted mean = s.d. values * Treatment difference P<0.05, intravenous amlodipine plus grapefruit juice vs intravenous amlodipine plus water.

any alteration in digoxin steady-state concentrations or
renal excretion [24].

Josefsson et al. [25] studied the interaction between a
single glass of grapefruit juice and amlodipine 5 mg in 12
young, healthy men. They reported a significant increase
in AUC and peak concentrations of amlodipine. There
were no changes in systolic or diastolic blood pressure or
heart rate accompanying the pharmacokinetic changes.
Our study found no clinically important change in the
pharmacokinetics of either oral or intravenous amlodipine
10 mg or of its R(+4+) and S(-) enantiomers, and
consequently no effect on blood pressure or heart rate.
With a single 5 mg oral dose, it is likely that the analytical
method used by Josefsson et al. [25] was operating near the
detection limit for amlodipine concentration, which may
have increased the variability in their results.

The administration of amlodipine and grapefruit juice in
this study was similar to the pattern in actual practice.
Amlodipine 10 mg once daily is a common dosage
regimen for the treatment of hypertension or angina. A
glass of grapefruit juice may be typically consumed daily in
the morning. Although this study evaluated only single
doses of amlodipine, the conditions of the study in which
amlodipine was coadministered with grapefruit juice had
the potential for observing any alteration in plasma
amlodipine concentrations [5, 26, 27]. While there may
be some limitations on the ability to extrapolate results to
women, patients with disease states, and those taking
concomitant medications, it is likely that our study results
are predictive of outcomes in a patient setting.

Most dihydropyridines, except nifedipine, have a chiral
centre on the carbon at position 4 and generally are
formulated as racemic mixtures. It has been demonstrated
that the pharmacological effects differ between enantio-
mers of nitrendipine, felodipine, nimodipine, nilvadipine,
manidipine and benidipine [13], with the higher potency
residing in the S-enantiomer. Their S/R ratios are greater
than one for plasma or serum concentrations for all except
nimodipine, which is less than one, indicating stereo-
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selective pharmacokinetics. In most cases, the S-enantio-
mer displays mean C,,,, and AUC values that exceed those
of its optical antipode by as much as three-fold [28].

In contrast to other dihydropyridines evaluated to date,
of amlodipine
approximately equal after administration of the racemic
drug, mean oral S/R ratios 1.04 for AUC(0,24 h) and 1.03
for Cg. However, like oral nitrendipine, grapefruit juice
does little to alter this stereochemical picture, causing only
a slight but statistically significant increase in the
amlodipine S/R ratio for the AUC(0,24 h) value to
1.08 and the Cg to 1.06.

A route of administration-dependent difference in
stereoselective pharmacokinetics has been reported for
nisoldipine in humans [13], nitrendipine in humans [15]
and nilvadipine in dogs [13]. Our study demonstrates that
the disposition of amlodipine enantiomers in humans is
essentially independent of the route of amlodipine
administration and grapefruit juice does not alter this
property.

In conclusion, this study demonstrated that the
pharmacokinetics of both racemic amlodipine and its
their haemodynamic effects
essentially unaltered by grapefruit juice. A 240 ml glass
of grapefruit juice taken daily with a single oral dose of
amlodipine did not change the pharmacokinetics or
haemodynamic effects of the drug and therefore, would
not be expected to alter the profile of response to
amlodipine in clinical practice.

the concentrations enantiomers are

enantiomers and were
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